Entanglement is considered to be one of the most profound features of quantum mechanics 1,2 . An entangled state of a system consisting of two subsystems cannot be described as a product of the quantum states of the two subsystems 9,10,16,17 . In this sense the entangled system is considered inseparable and nonlocal. It is generally believed that entanglement manifests itself mostly in systems consisting of a small number of microscopic particles. Here we demonstrate experimentally the entanglement of two objects, each consisting of about 10 12 atoms. Entanglement is generated via interaction of the two objects -more precisely, two gas samples of cesium atoms -with a pulse of light, which performs a non-local Bell measurement on collective spins of the samples 14 . The entangled spin state can be maintained for 0.5 millisecond. Besides being of fundamental interest, the robust, long-lived entanglement of material objects demonstrated here is expected to be useful in quantum information processing, including teleportation 3-5 of quantum states of matter and quantum memory. In this Letter we describe an experiment on the generation of entanglement between two separate samples of atoms containing 10 12 atoms each, along the lines of a recent proposal 14 . Besides the fact that we demonstrate a quantum entanglement at the level of macroscopic objects, our experiment proves feasible a new approach to the quantum interface between light and atoms suggested in 14, 15 and paves the road towards the other protocols proposed there, such as the teleportation of atomic states and quantum memory. The entanglement is generated through a non-local Bell measurement on the two samples' spins performed by transmitting a pulse of light through the samples.
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In 1935 Einstein, Podolsky and Rosen (EPR) published a famous paper
1 formulating what they perceived as a paradox created by quantum mechanics. Since then, the EPR correlations and other types of entanglement have been extensively analyzed with seminal contributions made by J. Bell 2 . Entangled or inseparable states are fundamental to the field of quantum information, specifically to quantum teleportation of discrete 3, 4 and continuous 5 variables and to quantum dense coding of discrete 6 and continuous 7, 8 variables, to name a few examples. The majority of experiments on entanglement to date deal with entangled states of light [3] [4] [5] [6] [9] [10] [11] . Entangled states of discrete photonic variables (spin 2 1 systems) 9, 10 as well as entangled states of continuous variables (quadrature-phase operators) of the electro-magnetic field 11 have been generated experimentally. Entangled states of material particles are much more difficult to generate experimentally; however, such states are vital for storage and processing of quantum information. Recently, entangled states of four trapped ions have been produced 12 , and two atoms have been entangled via interaction with a microwave photon field 13 .
In this Letter we describe an experiment on the generation of entanglement between two separate samples of atoms containing 10 12 atoms each, along the lines of a recent proposal 14 . Besides the fact that we demonstrate a quantum entanglement at the level of macroscopic objects, our experiment proves feasible a new approach to the quantum interface between light and atoms suggested in 14, 15 and paves the road towards the other protocols proposed there, such as the teleportation of atomic states and quantum memory. The entanglement is generated through a non-local Bell measurement on the two samples' spins performed by transmitting a pulse of light through the samples.
The ideal EPR entangled state of two sub-systems described by continuous non- 
. Recently in 16, 17 , the necessary and sufficient condition for the entanglement or inseparability for such Gaussian quantum variables has been cast in a form of an inequality involving only the variances of variables:
. In our experiment the quantum variables analogous to the position and momentum operators are two projections of the collective spin (total angular momentum) of an atomic sample. The analogy is evident from the commutation relation
where we introduce the notations In this Letter we report on the generation of a state of two separate cesium gas samples ( Fig. 1) , which obeys the entanglement condition (1) . As shown in 14, 15 , when an off-resonant pulse is transmitted through two atomic samples with opposite mean spins
The first line describes the Faraday effect (polarization rotation of the probe). The second line shows the back action of light on atoms, i. e., spin rotation due to the angular momentum of light. According to (2) , the measurement of oriented along the direction x , which allows to use a single entangling pulse to measure both z and y , as described in the Methods section.
The schematic of the experimental set-up is shown in Fig. 1 The measurement sequence aimed at the generation and verification of the entanglement consists of the optical pumping pulses preparing samples in a CSS, the entangling pulse preparing the samples in the entangled state (pulse I) and the verifying pulse coming after the delay time τ and verifying the entanglement (pulse II). These pulses have the same duration and optical frequency as the probe pulse used for the CSS measurements. Between the two pulses the joint spin state of the two samples is subject to decoherence. The photocurrents from the two pulses are subtracted electronically and the variance of the difference, EPR The results of measurements with sec 5 . 0 m = τ are shown in Fig. 3 . The results are normalized to the CSS limit ) ( x J ∆ (the linear fit in Fig. 2 ). This limit thus corresponds to the unity level in Fig. 3 . The raw experimental data ) ( / The imperfect entanglement comes from several factors. Firstly, the vacuum noise of the entangling pulse prohibits a perfect preparation of the spin state especially for a small number of atoms. Secondly, the deviation of the initial spin state from CSS, which is due to the classical noise of the lasers, becomes more pronounced as the number of atoms grows. Finally, losses of light on the way from one cell to another, as well as the spin state decay between the two measurements due to decoherence caused by quadratic Zeeman splitting and collisions preclude perfect entanglement at all atomic densities.
Measurements with delay times longer than sec 8 . 0 m demonstrate no entanglement. The decoherence process can be illustrated by visualizing two squeezed ellipses in the phase space, corresponding to the two samples, with the size along anti-squeezed axes of the order of 3 in units of the coherent state (experimentally measured value). When the ellipses start to dephase (rotate) the total noise along the squeezed axis becomes equal to the coherent state noise (zero degree of entanglement) after the time of the order of 1.2 msec if the initial entanglement of 65% (maximal degree allowed by the experimental light noise) is assumed. After 0.6 msec delay the degree of entanglement of 35% should be expected. These numbers agree reasonably well with observations. It is instructive to analyze the difference between the degree of entanglement and the degree of classical correlations. For uncorrelated atomic samples the normalized variance of the difference between the two photocurrents would be equal to 2 in notations of Fig.3 . The pure atomic part of this variance uncorr V would be approximately 1.5 for medium atomic densities.
For the actual data in Fig. 3 , is 83% for this example. This number is much higher than the degree of entanglement implying that entanglement requires something stronger than classical correlations. The reason for this difference is that in quantum mechanics the measuring device (light in this case) becomes entangled with the measured object and therefore the noise of these two subsystems cannot be treated independently.
In conclusion, we have demonstrated on-demand generation of entanglement of two separate macroscopic objects, which can be maintained for more than . The state we have demonstrated is not a maximally entangled "Schrödinger cat" state, which for 12 10 atoms would not survive even for a femtosecond under conditions of our experiment. Our state is similar to a two mode squeezed state, and is an example of a non-maximally entangled state which is suitable for a particular purpose, e.g., for the atomic teleportation. The long life time of this multi-particle entanglement is due to a high symmetry of the generated state. Entanglement manifests itself only in the collective properties of the two ensembles. Therefore a loss of coherence for a single atom makes a negligible effect on the entanglement, unlike, e.g., in case of maximally entangled multi-particle state. The entanglement is generated by means of light propagating through the two samples and therefore the samples can be rather distant, as required for communications. The off-resonant character of the interaction used for the creation of entanglement allows for the potential extension of this method to other media, possibly including solid state samples with long lived spin states.
Methods.
Entangling measurement of spin components in the rotating frame with a single light pulse. The Larmor precession of the y z J J , components with a common frequency Ω does not change their mutual orientation and size and therefore does not affect the entanglement. On the other hand, the precession allows us to extract information about both z and y components from a single probe pulse as described below. Moreover, in the lab frame the spin state is now encoded at the frequency Ω , and as usual an ac measurement is easier to reduce to the quantum noise level than a dc measurement. Measurements of the light noise can be now conducted only around its Ω spectral component. By choosing a suitable radiofrequency value for Ω we can reduce the probe noise ) ( , Ω in z y S to the minimal level of the vacuum (shot) noise. In the presence of the magnetic field the spin behavior is described by the following equations:
, whereas the Stokes operators still evolve according to equation (2) . Solving the spin equations and using (2) 
The y z J , components are now defined in the frame rotating with the frequency Ω around the magnetic field direction x . It is clear from (3) 
Degree of entanglement. The differential noise for the entangling (pulse I) and verifying (pulse II) pulses can be expressed using (3) An alternative calculation of the degree of entanglement can be carried out based on ref. [14] , which takes into account that the initial state of both samples is characterized by the CSS noise level. Eq. (2) of [14] in notations of the present paper yields for the highest possible degree of entanglement defined again as The reason for that is that the entanglement in [14] is calculated assuming that the samples prior to entanglement are known to be in the CSS. Since this fact has been experimentally verified in the present paper for up to intermediate atomic densities, we may use this way of calculating the degree of entanglement at these densities as well. However, we are interested in the degree of entanglement, which has survived the delay time and which has been measured by the verifying pulse. Due to various reasons, including the decoherence during the delay time, the differential noise between the two pulses does not reduce to its minimal value, Expected fidelity of teleportation. It is also possible to estimate the fidelity of teleportation which would be achieved if the second, verifying pulse would instead of verification be used for the Bell measurement on one of the entangled samples and a sample to-be-teleported. Using the value of er exp ξ and the equation (3) from [14] we obtain for the fidelity of teleportation 
